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Figure S1. Infrared absorption (IR) spectra measured in KBr for A (a) and B (b), and compared 

with IR signals of 4,4,4-trifluoro-1-(2-thienyl)-1,3-butanedione (TTA), 4,4’-azopyridine (Azo-py,) 

and 4-hydroxypyridine (4-pyOH).
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Figure S2. Thermogravimetric analyses for A (a) and B (b) . 

Comment to thermogravimetric analyses

TGA curves for A and B vary significantly among themselves due to the presence of various 

ligands (methanol and Azo-py for A, and water and 4-OHpy for B) and a different composition 

(Figure S2). In the first step, assembly A loses 6.0% of its initial mass due to removal of two 

equivalent of co-ordinated methanol around 100 °C. The broad plateau is visible until 160 °C 

followed by decomposition of 4-Azopy at 210 °C which gives sharp weight loss by 2.6% which 

might be assigned to the prior removal N2 molecule from 4-Azopy. Further increase of 
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temperature above 210°C leads to release of half equivalent of 4-Azopy and partial 

decomposition of coordinated TTA anion, due to which the mass decreased by 36 % at 275°C. 

Finally, augmentation of temperature up to 375°C results in the weight decrease down to 45% 

of initial one, however, even at this temperature A still contains TTA molecules or products of 

their decomposition. In case of product B, the first coordinated water molecule is released at 

around 150°C and it is related to the weight loss of 1.9%. Further heating up to 220°C induces 

the removal of 4-OHpy which corresponds to the 10.1% of mass loss. Next increase of 

temperature up to 260°C initiate thermal decomposition of TTA in B, however, remains of TTA 

can be detected even at 400°C. 

Figure S3. IR Spectrum of A at 300 K compared with Azopy, TTA and nujol as references in the 

wavenumber range of 900 – 2000 cm-1 (a), 950 – 1050 cm-1 (b) and 2000 – 4000 cm-1 (c, along 

with enlarged view in the wavenumber range of 2300 – 3300 cm-1). Corresponding to the same 

wavenumber region with respect to the above set of three spectra, temperature dependent IR 

spectrum of A has been shown in (d), (e) and (f) for the indicated heating (300 – 380 K) and 

cooling (350 and 300 K) temperatures.
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Comment to Temperature Dependent IR Spectrum. 

In order to supplement the TGA data, we analysed the thermal dependence IR spectra of A. 

Using the overlapped spectra of A, Azopy, TTA and nujol, the peaks corresponding to C-O (single 

bond) and C-H bond frequency were identified (as shown in part (b) and enlarged (c)). In the 

first part of spectrum (900 – 2000 cm-1) changes can be clearly seen in the 950 – 1050 cm-1 

range. As we increase the temperature peak intensity near 995, 1005, 1017 and 1026 nm 

decreases until 370 K resulting into two broad peaks centred around 1006 nm and 1034 nm. 

Systematic decrease in intensity and disappearance of peaks near 995 and 1026 nm indicated 

that these two peaks correspond C-O single bond frequency, and remaining two peaks are 

related to the combined contribution from the Azopy and TTA.S1 Additionally, peaks around 

2600 cm-1 with several shoulders belongs to C-H bond vibration, intensity of these peaks 

decreases upon increasing the temperature indicating the decrease in the C-H bonds 

population confirming the release of methanol.S1
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Table S1. Crystal data and structure refinement parameters for A and B.

Compound A (Azo-py) A (heated) B (4-OHpy)
Formula C31H24F9N2NdO8S3 C31H24F9N2NdO8S3 C29H18F9NNdO8S3

Formula weight [g·mol-1] 963.94 963.94 919.86
T [K] 90.15 340.15 296 (2)
λ [Å] 0.71075 (Mo Kα) 0.71075 (Mo Kα) 0.71075 (Mo Kα)

Crystal system monoclinic monoclinic triclinic
Space group P21/n P21/n P-1

a 10.9488(12) 10.8784(4) 10.2196(3)
b 18.0795(17) 18.8797(8) 12.3454(5)
c 19.0595(18) 19.2659(7) 13.2336(5)
α 90 90 79.269(6)
β 106.326(8) 105.874(8) 84.424(6)

Unit cell

γ 90 90 81.211(6)
V [Å3] 3620.7(6) 3805.9(3) 1617.09(11)

Z 4 4 2
Calcd. density [g·cm-3] 1.768 1.682 1.889

Absorption coefficient [mm-1] 1.705 1.622 1.903
F(000) 1908 1908 904.0

Crystal size [mm3] 0.264 × 0.229 × 0.106 0.383 × 0.200 × 0.130 0.220 × 0.190 × 0.09
2θ range [deg] 6.338-52.72 3.912-50.056 6.282-54.972

-13 < h < 13 -12 < h < 12 -12 < h < 13
-22 < k < 22 -22 < k < 22 -14 < k < 16Limiting indices
-23 < l < 23 -22 < l < 22 -17 < l < 17

Collected refls 46529 271216 15634
Unique refls 7324 6561 7353

Rint 0.0477 0.0814 0.0319
Completeness [%] 99.0 97.8 99.2

Data/ restraints/ parameters 7324/112/586 6561/142/579 7353/7/485
GOF on F2 1.483 1.169 1.076

R1 = 0.0698 [I>2σ(I)]
wR2 = 0.1089 [I>2σ(I)]

R1 = 0.0849 [I>2σ(I)]
wR2 = 0.1313 [I>2σ(I)]

R1 = 0.0326 [I>2σ(I)]
wR2 = 0.0742 [I>2σ(I)]Final R indices R1 = 0.0746 (all data)

wR2 = 0.1101 (all data)
R1 = 0.1185 (all data)
wR2 = 0.1423 (all data)

R1 = 0.0402 (all data)
wR2 = 0.0765 (all data)

Largest diff peak/hole 1.29/-3.063 0.82/-1.512 1.846/-0.818
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Figure S4. The asymmetric unit of A and B with atom labelling.

Figure S5. Detailed views of the crystal structure of A: (a) the view along tilted b-axis with 

indicated hydrogen bonding by black dotted lines.
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Figure S6. Detailed views of the crystal structure of B: (a) the single asymmetric unit connected 

with each other in dimeric fashion through hydrogen-bonding; (b) the view of supramolecular 

arrangement of B along tilted a-axis; (c) the view along tilted b-axis with indicated hydrogen 

bonding by black dotted lines.
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Table S2. Detailed structural parameters of A and B. 

Parameter A (Azo-py) B (4-
OHpy)

Parameter A (Azo-py) B (4-
OHpy)Nd–O1 2.391(4) 2.437(2) Nd–O5 2.398(4) 2.480(2)

Nd–O2 2.406(4) 2.388(2) Nd–O6 2.407(4) 2.392(2)
Nd–O3 2.425(4) 2.428(2) Nd–O7 2.487(4) 2.430(2)Bo

nd
 

le
ng

th
s 

(Å
)

Nd–O4 2.408(3) 2.432(2) Nd–O8 2.554(4) 2.488(2)
O1–Nd–O2 70.78(14) 71.42(7) O3–Nd–O4 71.41(13) 69.31(7)
O1–Nd–O3 123.26(14) 140.69(7) O3–Nd–O5 138.67(14) 114.98(8)
O1–Nd–O4 75.07(14) 143.33(7) O3–Nd–O6 139.79(14) 72.53(8)
O1–Nd–O5 83.82(14) 75.44(7) O3–Nd–O7 75.24(14) 75.83(7)
O1–Nd–O6 76.94(14) 76.48(7) O3–Nd–O8 136.54(13) 77.52(8)
O1–Nd–O7 139.35(14) 78.40(7) O4–Nd–O5 149.92(14) 139.43(9)
O1–Nd–O8 139.99(14) 122.76(8) O4–Nd–O6 83.23(14) 104.56(7)
O2–Nd–O3 78.57(14) 146.15(7) O4–Nd–O7 78.80(14) 138.09(7)
O2–Nd–O4 109.02(14) 87.68(7) O4–Nd–O8 136.36(13) 76.08(8)
O2–Nd–O5 83.12(14) 77.65(7) O5–Nd–O6 71.14(14) 70.66(7)
O2–Nd–O6 140.49(14) 139.41(8) O5–Nd–O7 105.50(14) 148.13(7)
O2–Nd–O7 148.49(14) 110.73(8) O5–Nd–O8 72.78(14) 136.03(7)
O2–Nd–O8 74.50(14) 72.91(8) O6–Nd–O7 69.47(14) 85.83(7)

O6–Nd–O8 122.59(14) 147.32(8)

An
gl

es
 (°

)

O7–Nd–O8 79.23(14) 74.28(7)

Table S3. Results of Continuous Shape Measure (CSM) analyses for [NdIII(TTA)3(CH3OH)2] 

structural units in the crystal structures of A.

*CSM parameters: CSM SAPR-8 = the parameter related to the Square antiprism (D4d symmetry); CSM 

TDD-8 = the parameter related to the Triangular dodecahedron (D2d symmetry); CSM JBTPR-8 = the 

parameter related to the Biaugmented trigonal prism J50 (C2v symmetry); CSM BTPR-8 = the parameter 

related to the Biaugmented trigonal prism (C2v symmetry); CSM = 0 for the ideal geometry, and increases 

with the increasing distortion from the ideal polyhedron. S5
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CShM parameters*
Compound

SAPR-8 TDD-8 JBTPR-8 BTPR-8
Geometry

Ideal SAPR-8 0 2.848 2.843 2.267
Ideal TDD-8 2.848 0 3.361 2.717

Ideal JBTPR-8 2.843 3.361 0 1.439
Ideal BTPR-8 2.267 2.717 1.439 0

A (90 K) 0.924 1.862 2.396 1.944 SAPR-8
A (340 K) 0.940 2.141 2.514 2.082 SAPR-8



Figure S7. Experimental powder X–ray diffraction patterns of A and B compared with simulated 

ones for single crystal structures. Here, Exp. Indicates experimental and Calc. means calculated 

crystal structures. The black asterisk indicates the silicon peak which is used to correct the peak 

position.

Comment to powder X–ray diffraction patterns. 

The systematic shift of measured diffraction patterns compared to simulated one originate in 

the temperature effect as the single–crystal X–ray diffraction measurements and the powder 

X–ray diffraction experiments were performed at different temperature. In order to confirm the 

chemical composition of compound after heating to 370 K, powdered samples were heated in 

TGA under similar condition to PXRD measurements and used for the CHNSF elemental 

analysis. Chemical composition after heating the sample removes 3/4th of methanol from the 

asymmetric unit – Anal. calcd. C, 38.56%; H, 2.3%; N, 3.05 %; F, 18.6%; S, 10.5%. Found: C, 

38.4%; H, 2.5%; N, 2.9%; F, 18.6%; S, 10.35%. This also confirms that the physical properties 

observed after heating sample to 370 K originates from the complex A with less number of 

methanol compared to before heating complex. 
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Figure S8. Room temperature solid–state UV–Vis–NIR absorption (Kubelka–Munk function) 

spectra of A (a) compared with relevant spectra of Azo-py (b) and TTA (c) in 200 – 1000 nm. The 

solid coloured lines are experimental data overlapped with fitted curve and dotted lines 

indicates the Gaussian deconvolution of the experimental spectra.
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Table S4. Assignment of UV-Vis-NIR absorption spectra of A, Azo-py and TTA (Figure S7).

Compoun
d

peak 
no.

λmax 
[nm]

Intensity 
maxima [a.u.] Interpretation

1’ 212 0.026 combined contributions from singlet to singlet 
transitions (π → π*) of Azo-py and TTA

2’ 272 0.06 combined contributions from singlet to singlet 
transitions (π → π*) of Azo-py and TTA

3’ 343 0.16 combined contributions from singlet to singlet 
transitions (π → π*) of Azo-py and TTA

4’ 463 0.004

Combined contribution of singlet to singlet 
transitions (π → π*) of Azo-py 

and f–f transition of NdIII: S5 4I9/2 → 2G9/2, 
4G11/2, 2K15/2

5’ 525 0.003

Combined contribution of singlet to singlet 
transitions (π → π*) of Azo-py 

and f–f transition of NdIII: 4I9/2 → 4G7/2, 4G9/2, 
2K13/2

6’ 582 0.003 f–f transition of NdIII: 4I9/2 → 2G7/2, 4G5/2

7’ 682 0.0001 f–f transition of NdIII: 4I9/2 → 4F9/2

8’ 746 0.0006 f–f transition of NdIII: 4I9/2 → 4S3/2, 4F7/2

9’ 803 0.0008 f–f transition of NdIII: 4I9/2 → 2H9/2, 4F5/2

A

10’ 878 0.00015 f–f transition of NdIII: 4I9/2 → 4F3/2

a' 216 0.38
b' 285 1Azo-py
c' 462 0.06

singlet to singlet transitions (π → π*)S6-S7

A 207 0.29
B 263 0.73
C 315 1

singlet to singlet transitions (π → π*)S8-10

TTA

D 366 0.76 singlet to singlet transitions (overlapping n → 
π* and π → π* bands)S8-10
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Figure S9. Room temperature solid–state UV–Vis–NIR absorption (Kubelka–Munk function) 

spectrum of A overlapped with spectra of Azo-py and TTA (a) as well as B overlapped with 

spectra of 4-pyOH and TTA (b) in 200 – 1000 nm wavelength range. Insets show zoomed the 

400 – 1000 nm wavelength range corresponding to very weak Nd(III)-based absorption.
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Figure S10. Temperature dependent UV–Vis–NIR absorption (Kubelka–Munk function) spectra 

of A in 200 – 2700 nm range.

Figure S11. Comparison of emission and excitation spectra of A and B for the excitation 

wavelength of 392 nm at the indicated temperatures.

S15



Figure S12. Solid state NIR emission measured for the temperature ranging from 10 - 370 K for 

the excitation wavelength of 360 nm in the heating and cooling cycle (a), the related excitation 

spectra of A measured at relevant emission wavelength of 895 nm (b) for shown temperatures 

and the emission peak at 895 nm measured at various temperature for excitation wavelength 

of 360 nm (c). Part (d) and (e) presents temperature dependences of relative thermal 

sensitivity, Sr, of compound A computed from the Δ(T) calibration curves for two investigated 

excitation wavelengths of 360 (Fig. 2) and 392 nm, respectively. 

S16



Figure S13. The temperature dependences of the temperature uncertainty, δT, calculated using 

the experimental relative errors of thermometric parameters, Δ for A. 

Figure S14. Stimulated UV–Vis–NIR absorption spectra of TTA and A in 200 – 1000 nm range 

using Gaussian 09 software and compared with experimental result.S2-S4

Comments on UV-VIS-NIR absorption spectra. 

Based on the structure model of TTA (figure 1c, manuscript) obtained from the XRD 

measurement, TD-DFT ((TD(NStates=100), B3LYP/6-31G(d,p)) calculation for excited states was 

performed by Gaussian09 software to stimulate the UV-VIS spectra (computational detail, 

ESI†).S2-S3 The results indicated increased absorption intensity for the thermally-excited sample 

which is also confirmed by the experimental temperature dependent UV-VIS-NIR 

measurements (Fig. S9 and S12, ESI†).
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Figure S15. The temperature dependence of absolute intensity of the peak centred around 360 

nm and 392 nm in the excitation spectra of A for the emission wavelength of 1056 nm (a), 

thermal dependent intensity ratio of corresponding peak at 360 and 392 nm in the excitation 

spectra of A and temperature dependence of absolute emission intensity peaked at 1056 nm 

for excitation light of 392 nm for complex A.
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Figure S16. Trend of thermometric parameter, Δ for A under the excitation by 392 nm (a) and 

360 nm (b) light during temperature cycling between 200 and 50 K showing nice repeatability 

for both excitation wavelengths.
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Figure S17. The dc magnetic properties: (a) temperature dependences of product molar 

magnetic susceptibility and temperature (χMT) in Hdc = 1 kOe for A and (b) magnetic field 

dependences of magnetization at T = 1.85 K for A. Solid lines are presented only to guide the 

eye.

Debye model for single relaxation process

The following equations of the generalized Debye model for single relaxation process were 

applied:

   (E1)

𝜒'(𝜔) = 𝜒𝑆+ (𝜒𝑇 - 𝜒𝑆)
1 + (𝜔𝜏)1 - 𝛼sin (𝜋𝛼 2)

1 + 2(𝜔𝜏)1 - 𝛼sin (𝜋𝛼 2) + (𝜔𝜏)2(1 - 𝛼)

   (E2)

𝜒''(𝜔) = (𝜒𝑇 - 𝜒𝑆)
(𝜔𝜏)1 - 𝛼cos (𝜋𝛼 2)

1 + 2(𝜔𝜏)1 - 𝛼sin (𝜋𝛼 2) + (𝜔𝜏)2(1 - 𝛼)

where: χS = the adiabatic susceptibility (at infinitely high frequency of ac field), χT = the 

isothermal susceptibility (at infinitely low frequency of ac field), τ = the relaxation time, α = the 
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distribution (Cole–Cole) parameter, and ω is an angular frequency, that is ω = 2πν, with ν stands 

for the linear frequency in [Hz] units. S11

Figure S18. Frequency dependencies of out–of–plane χM” magnetic susceptibility of A in ac 

magnetic field of 3 Oe at T = 1.85 K in various indicated dc magnetic fields. Solid lines are 

presented only to guide the eye.

Figure S19. The ac magnetic characteristics of the A in Hdc = 1000 Oe and Hac = 3 Oe: frequency 

(ν) dependences of the in–plane χM’ (a) and the related χM”–χM’ Argand plots (b). Solid lines 

were fitted using the generalized Debye model (Equation E1 and E2).
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Table S5. Parameters obtained by fitting the Argand χM”–χM’ plots (Hdc = 1000 Oe, Figure 9) of A 

using the generalized Debye model.

T / 
K

χS 
cm3mol-1

χT 
cm3mol

-1
τ / s α

1.8
5

8.66・
10-2 0.901 7.43・

10-4
9.20・

10-2

2.0
0

8.14・
10-2 0.847 6.12・

10-4
8.79・

10-2

2.1
0

8.20・
10-2 0.807 5.31・

10-4
8.21・

10-2

2.2
5

7.59・
10-2 0.782 4.74・

10-4
8.17・

10-2

2.4
0

7.68・
10-2 0.715 3.66・

10-4
6.32・

10-2

2.5
0

7.34・
10-2 0.686 3.20・

10-4
5.84・

10-2

2.6
0

7.56・
10-2 0.661 2.85・

10-4
4.72・

10-2

2.7
5

6.89・
10-2 0.626 2.35・

10-4
4.06・

10-2

3.0
0

6.68・
10-2 0.573 1.76・

10-4
1.92・

10-2

3.2
5

7.26・
10-2 0.532 1.35・

10-4
1.56・

10-4

3.5
0

5.80・
10-2 0.496 9.79・

10-5
2.31・

10-4

3.7
5

4.83・
10-2 0.465 7.22・

10-5
3.80・

10-4

4.0
0

1.75・
10-2 0.439 5.02・

10-5
5.75・

10-4

4.2
5

8.88・
10-8 0.414 3.64・

10-5
4.44・

10-4
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Figure S20. The ac magnetic characteristics of sample A after heting at 360 K in Hdc = 1000 Oe 

and Hac = 3 Oe: frequency (ν) dependences of the in–plane χM’ (a) and the related χM”–χM’ 

Argand plots (b), frequency (ν) dependences out-of-plane, χM” (c) components of the complex 

magnetic susceptibility for the indicated temperatures of the 1.85–7.0 K range and the 

temperature dependence of relaxation times (τ) presented as ln(τ) versus T -1 plots (d). Solid 

lines in (a), (b), (c) were fitted using the generalized Debye model, whereas the solid line in (d) 

are fitted with Arrhenius law, Orbach and the quantum tunnelling of the magnetization (QTM) 

(Equation E1 and E2).
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Table S6. The outline of NdIII complexes revealing single-molecule magnet behaviour.

compound ΔE/kB / K τ0 / s Hdc / Oe Ref.

A 19.7(7) 3.7(8)·10-7 1000 this work

A heated 27.3(1) 8.5(0)·10-8 1000 this work

zero-dimensional molecular systems

[Li(dme)3][NdIII(COT'')2]
(dme = dimethoxyethane;

COT'' = bis(trimethylsilyl)cyooctatetraenyl dianion)
21 5.5·10-5 1000 S12

[NdIII(Tp)3]
(Tp = trispyrazolylaborate) 4.1(1) 4.2(2)·10-5 100 S13

[NdIII(tBuPO(NHiPr)2)2(H2O)5]I3·H2O
24.69
16.08
39.21

5.03·10-6

2.64·10-6

8.98·10-6

0
0

2000
S14

Na9[NdIII(W5O18)2] 73.9 3.55·10-10 1000 S15

[NdIII(NO3)3(18-crown-6)] 33.4(5) 1.6(2)·10-9 1000 S16

[NdIII(NO3)3(1,10-diaza-18-crown-6)] 73(2) 1.4(6)·10-10 1000 S17

(NH2Me2)3{[NdIII(Mo4O13)(dmf)4]3(btc)2}·8(dmf)
(btc = 1,3,5-benzentricarboxylate anion) 34.06 4.69·10-8 500 S18

[NdIII(Cp*)2](BPh4)
(Cp* = pentamethylcyclopentadienyl anion) 41(2) 1.4(4)·10-6 1000 S19

one-dimensional coordination polymers

[NdIII
2(CNCH2COO)6(H2O)4]·2H2O 26.6(1) 1.75·10-7 1500 S20

{[NdIII(pzdo)(H2O)4][CoIII(CN)6]}·0.5(pzdo)·4H2O 51(2) 4.5(9)·10-8 1000 S21

[NdIII(3,5-dnb)3(H2O)2]·MeCN
(3,5-dnb = 3,5-dinitrobenzoic acid anion) 27 4.1·10-7 2000 S22

[NdIII(2,4-dnb)2(CH3COO)(H2O)2]
(2,4-dnb = 2,4-dinitrobenzoic acid anion) 29 3.1·10-7 3500 S23

S24
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